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EXECUTIVE SUMMARY 

EG&G IS performing remedral mvesnganons, feasibllity stuhes, and remediaVcarrtctive action 
pro~ects at the Rocky Flats Plant under the Department of Energy’s (DOE) Environmental 
Restoranon Program Previous rnvesugauons at the Rocky Flats Operating Landfill have 
produced a Landfill Closure Plan (Rockwell, 1988) whch, in part, encompassed the evaluation 
of the operating Landfiil groundwater control system The groundwater control system is 
compnsed of two major components; a dramage blanket system designed to intercept and 
transport groundwater to downgradrent ponds, and a sod-bentonite sluny wall designed to 
prevent shallow groundwater mgrauon mto the landfill 

Ground Penetratmg Radar (GPR) was used m an attempt to deheate indtvidual components of 
the dramage blanket system and the slurry wall Before the commencement of the GPR program 
several areas at the Operating Landfill were excavated by Rockwell m an attempt to locate the 
north and south pipe d m n  valves and the north and south slurry wall pipe &ah mdficauons 
The north pipe &sun valve was located and unearthed, however, the south pipe h n  valve and 
the north and south slurry wall pipe &am mcxbfications wen not located 

GPR data acquved at the Operatmg Landfill correlate wth and support the mforrnation present m 
the ‘as built’ Landfill Enpneering Deslgn Drawings. When used in conjunction with the ‘as 
blult’ drawmgs, the GPR data prowded mformation on the lateral location of the groundwater 
control system dramage valves and the slurry wall The GPR data also suggest that the 
confluence of the groundwater system h n a g e  pipe and slurry wall pipe drain m&ficanon on 
both the north and south sides of the Operating LandfiU is further west than previously believed 
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1 0  INTRODUCTION 

A ground penetrating radar (GPR) survey was conducted at the Rocky Flats Plant Operaung 
Landfill as part of Subtask 4 to* 

Delineate the exishng groundwater control system, dram and slurry wall locanon 

Locate pipe h n  mdficauons and dmharge valves 

Promde qualitatwe informanon on the construcuon of the groundwater intercept system 
and slurry wall. 

1 1 GPRTechnique 

GPR is a geophysical technique that consists of transmrtting short wavelength (high frequency) 
clectromagneuc waves mto the earth and recorcbng those waves reflected back by medla that 
possess contrasts in electncal propcrhes. The GPR record is often &splayed as a &stance 
(honzontal) versus hme (vemcal) plot and can be nxorded &@tally to allow for post-acquisiaon 
processing. Although the GPR record is a complex composition of mterfcrence patterns and 
reflechons, its 'picture-Ue' &splay makes it relatively easy to interpret. The depth of radar 
mvesagaaon is generally quite shallow due to the high frequencies utlltzed, however, this 
&sadvantage IS parhally offset by the mcreased rtSOlUhOn it offers over other geophysical 
techniques 

The detecuon of an object by GPR depends pnmanly upon the electrical properhes of the host 
and target materials. The electncal propemes of the subsurface whch influence GPR are the 
delectnc permittivity, conductiwty, and magneuc permeability. Moisture, certain types of clays 
with high cahon exchange capaciues (CEC), and other conductive matenal(s) can severely 
restnct or even preclude penetrauon of the radar pulse 
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1 2 0 GROUNDWATER CONTROL SYSTEM 

A groundwater control system was constructed at the Operating Landfill m 1974 and updated in 
1982. The groundwater control system at the Operating Landfill consists of two components 
(Figure 1). The pnmary component is a blanket dr;un system keyed into emsting bcdmck and 

designed to mtcrcept and transport shallow uncontamtnated groundwater flow to ponds 
downgradxnt of the Operaong Landfii (Rockwell 1988). The blanket dram system was 
constructed m 1974 and is located at a depth of apprommately 20 ft (Rockwell, 1988) The 
second component of the groundwater control system is a soil-bentomte slurry wall constructed in 
1982 to prevent shallow groundwater mgranon into the Operating Landfill. The soil-bentonite 
slurry wall was integrated with the blanket dram system at the pipe dram mOdlficatlon locaaons 
(Appendu C, Sheet 6). The bottom of the slurry wall was positioned at a depth of appmmmately 
15 to 20 ft, and the top of the slurry wall was situated a minimum of 2 ft under the ground surface 
(Rockwell, 1988). 

The landfU was extended sometme after 1974 to mclude the blanket dram system trench The 
blanket dram system dramage pipes that were designed to intercept groundwater flow may have 
collected landf.. leachate, whch rendmd the blanket drainage system only partially effectwe 
Addltionally, the blanket drain system contitllls several dmharge valves (Figure 1). The 
OperaMg posibon and structural conddon of the cischarge valves is not known at the present 
time. If the discharge valves arc closed and/or not functioning properly, the water and leachate 
collected by the blanket dratn system may be impounded in ccrtain areas withm the landfill 
(Rockwell, 1988). 

EBASCO recently drscovered that at least two sets of Landfill Engineering Design Drawings are 
m exlstence at the Rocky Flats Plant. The Landfill Engineering Design Drawings present in the 
Landfill Closure Plan are specified as ‘anpal issue’ and Mer from the Landfill Engineenng 
Design Drawmgs specified as ‘as built’ and included in Appenhx C of ths report. 

- _  
i 
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3 0 DATA ACQUISITION 

The GPR survey lmes were estabhsh d at the Operating Landfill using a a measuring tape. The 
GPR profile hnes were posiaoned in an attempt to dcheate both the slurry wall and groundwater 
control system Due to severe topography and currcnt landfill disposal practices, it was not 
possible to posiaon the GPR survey hnes to define both the slurry wall and groundwater control 
system at some locatrons 

The south slurry wall is 900 ft long Four GPR profiles were acquired perptnQcular to the slurry 
wall from slurry staaon 9 + 00 to 5 + 80 (Figure 1). The south sluny wall was not mvesugated 
h m  slurry staaon 5 + 80 to 1 + 68 due to the close proxhty of a chsun-link fence to the slurry 
wall Interfenng reflections from the fence were evldent on the GPR records and prevented the 
detection of the slurry wall in this area. Data were a q d  m a south to north dmcaon on all 
profiles 

The north slurry wall is approximately 1,OOO ft long Nme GPR profiles were acquired 
perpendicular to the sluny wall from slurry station 10 + 00 to 0 + 75 (Figure 1). Current landfill 
&sposal acaviaes prevented the acquisiuon of GPR data in some arcas between slurry statrons 6 
+ 00 to 3 + 50. All lmes were traversed from north to south with the GPR antenna except Lmes 
3N and 5AN, whxh were performed in a south to north h u o n  

3 1 Equipment 

The Rocky Flats Operating Landfill GPR survey was conducted using a &@tally equipped 
Subsurface Interface Radar (SIR) 3 system. The unit consists of a graphic recorder, analog to 
Qgttal module, tape recorder, color monitor, cables and an antenna. Common antenna 
frequencies range from 50 megahertz (MHz) to 1 Bgahertz (GHz), wth lower fuency 
antennas employed when maximum depth penetration is needed. The antenna chosen for the 
Rocky Flats Opcratmg Landfill GPR survey was the GSSI 31 12, whch emits a broad band of 
fnquencies and is charactenzed by its center frequency of 80 MHz. The 80 MHz antenna is 
unshielded (1 e , ra@ates energy in all dmchons) and as a consequence, above - ground cultural 
features &ch as fences, power hes ,  and tree branches can appear as prominent rcflechons on the 
GPR record. Special care must be taken when interpreting GPR data acquired with an 
unshielded antenna to Qscount above ground cultural noise 
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4 0 DATA ANALYSIS AND INTERPRETATION 

Interpreted and umnterpreted radar secbons arc presented in Appenchx A and Appendix B, 
respectively The GPR hterpfetatlOn at the Operating Landfill was comphcated by the presence 
of surface and subsurface moisture, clays, boulders, concrete blocks, asphalt, sevm topography, 
and landfill debns. The GPR field acquisiaon parameters were designed to detect the 
groundwater mtercept system and slurry wall as they were onpnally designed (Figure 2). 
However, these constructlon methods cannot be vmfied because as- built documents are not 
avsulabIe (Rockwell, 1988). 

4 1  GPRModel 

A GPR model was constructed usmg the geometnes in Figure 2. The relanve &electnc 
penmmvity (Er) and conducbvity (0) of the model components were estmated as follows 

Landfill debns and soil 
Alluvium 
Soil-bentonite mixture 

Er 
8-10 
4-6 

10-13 

QfmmhQm 
40-50 
30-40 
70-80 

References- Ulnksen, 198 1, Daniels, 1989. 

The GPR model, although simplistlc, provided relevant information that was used 111 the 
interpretanon of field data. The model parameters suggest that when the landfill debns/soil and 
alluvium contam a slgnificant amount of moisture, the penetration of the radar pulse is 
approximately 1 to 2 ft. When the landfill debndsoil and alluvium are relatively dry, the 
penetraoon of the radar pulse is approxunately 6 to 8 ft 

4.2 Interpretaaon 

-_ 
Two vel&q tests conducted at the Operamg Landfill provlded a time-depth rcla~onship to 
assist in the interpretanon of the GPR records A GPR velocity test consists of traversing the 
antenna over an object (reflector) wth a known depth and recording the travel time of the 
reflected wave Based on the travel bme of the Ieflected wave it is possible to estmatc the depth 
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of the reflecmg object The velocity tests suggest the depth pcnetrahon of the radar pulse is 
approxunately 4 to 5 feet on most of the GPR records. Smce the groundwater intercept dramage 
system and associated piping are located at a depth of approximately 20 fi (RockwelI, 1988). the GPR 
interpretanon strategy was restricted to near- surface radar anomalies that might be representatwe of 
excavation, changes in soil (backfill) type and moisture, compaction characteristics, and subsidence. 

There may be an mtqrerable relationship between the slurry wall ConStNCbon and the 
surroundmg sod. The change in soil type and character between the slurry wall and smunQng 
soil produces a charactenstlc reflectlon on some of the GPR records (Appendtx A). The 
reflection cannot be Seen on the enme suite of radar profiles, most lrkely due to the following 
factors. 

Increased landfill overburden (trash) thickness in some areas precludes further radar 
signal penetration 

Small landfill objects scatter the radar signal, prcvennng a detectable response from the 
sluny wall 

Inmased soil moisture and clay content in some areas prevent the radar signal 
penetrahon necessary to define the slurry wall. 

At the Operating Landfill, debns has been connnually placed on top of the gmundwater mtercept 
system and slurry wall. Where the debns thickness exceeds 3 to 4 feet thm is a very low 
probability of detecting the slurry wall wth GPR. 

The area encompassing GPR h e s  4N, 5N, 5AN, 6N, 7N, and 8N was dtsturbed by landfill 
disposal achwtles dunng the p o d  of the GPR survey. It was observed during field actlwtles 
that h s  area of the landfill exhibits standmg water at the surface after heavy m s .  The 
increased near-surface moisture content, coupled wth recent sod dsturbance and debns &sposal, 
may have prevented the detmon of the slurry wall by GPR in some of these areas The radar 
records of lines 6N, 7N, and 8N exhrbit increased attenuation of the radar signal, making it 
d&icult to lnterprct the locatlon of the slurry wall. 

>- 
a 

The groundwater intercept dramage system pipe dram modlficatlons (Appendix C, Sheet 6) exist 
at a depth of approximately 15 to 20 ft near North Slurry Trench stahon 0 + 18 and South Sluny 
Trench stabon 0 + 66 (Figure 1) The pipe drarn d f i ca t lons  were not located wth the GPR 
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system due to severe topography and a bund depth of approxlmately 15 to 20 ft. The respecme 
lateral locahons of the pipe drain rxmbficauons were mterpreted by using GPR data from the 
Operating Landfill GPR survey and integraung the GPR data wth the Operating Landfill 
Extension Site Plan, Drawing Number 27915-003 Sheet 3 (Appcnhx C) The slurry wall 
produces a charactensac reflecbon on some of the GPR records, and these reflector locanons 
were mtcgrated wth known features present on the Operaang Landfill Extension Site Plan 
bluepnnts (bonng locaaons, test pits, and test holes) to infer the pipe dram mdfication and 
valve locatrons A set of Operating Landfill Extension site plan bluepnnts have been included in 

Appenhx C. The interpreted pipe dram moddicahons, as well as the slurry wall and valve 
locahons were staked in the field by EBASCO However, these stakes have been disturbed 
and/or destroyed by landfill hsposal actrvlues in the rccent past, and their locahons should be 
surveyed as soon as possible by EG&G personnel As of March 29,1991, EBASCO field 
personnel have venfied the correct posiuon of the stakes. The stakes are 1 ft in length and 
marked with blue survey tape 

4.2 1 South Sluny Wall 

LINE 1s (Figure 3 and 16) 

The antenna was adjacent to the cham-lmk landfill boundary fence at Stahon 0. The reflecuon 
from the fence can be idenafied on the radar section as a dpping reflector from stabons 2 
through 15 at an approximate depth of 2.5 ft. The effect of the fence can be seen verucally 
through the record from between stahons 0 and 15 at a depth of approxlmatcly 2 ft. The 
depression on the pmfde ncar staoon 20 at a depth of 2.5 to 3 ft most hkely cornsponds to the 
slurry trench. 

LINE 2s (Figures 4 and 17) 

Noise from the chain-link fence appears on the GPR record from stations 0 to 10 at 
apprommately 3 ft. The slurry wall appears to be located at stahon 15 at approximately 2.5 to 3 
ft in dep& The reflector at stauon 25 exhibits ‘nnging’ vcrhcally through the radar section and 
can be traced to its ongm very near the surface This reflector is pmbably associated wth near- 
surface landfill debns . 
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LINE 3s (Figures 5 and 18) 

Noise from the chamlink fence can be identified on the GPR record from statlons 0 to 15 at 
apprommately 2 5 ft The slurry wall is most Uely near statlon 22 at an appmximate depth of 
2 5 ft. 

LINE 4s (Figures 6 and 19) 

Noise from the cham-hnk fence can be identified from stations 0 to 15 at approximately 2 5 ft 
The slurry wall is most likely located near station 25 at approxmately 1 75 ft 

4.2 2 North Slurry Wall 

LINE 1N (Figures 7 and 20) 

The slurry trench is evident at statlon 37 at approximately 2.5 ft. The subsurface character of the 
enme profile exhibits compacted soil honzons wth disturbed, uneven surfaces due to compacted 
layers in the landfill 

LINE 2N (Figures 8 and 21) 

Lme 2N, which d u b i t s  the same general character as Line lN, is in the wcinity of the asbestos 
Qsposal arca The slurry wall is most likely at station 50, at an approximate depth of 2 to 2.5 ft . 
Profiling on Lme 2N commenced adjacent to the chain-hk fence, consequently its effect can be 
idenufied on the GPR record from stations 0 to 15 at approximately 3 ft. The reflector near 
stanon 55, at approxunately 2 to 2.5 ft, in depth is most Uely isolated landfill debns 

LINE 3N (Figures9 and 22) 

Lme 3N was traversed m a south-to-north dtrectlon The slurry wall is evident at statlon 3 at 
approxmately 2.5 ft m depth The reflector near statlon 9 at approxlmately 2 ft in depth may be 
a small depression generated dunng landfill &sposal pracaces 

i - 
5 
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LINE 4N (Figures 10 and 23) 

The GPR record exhibits a rough surface and possible landfill debns to approximately 4 ft in 
depth. The slurry wall may be at station 20 at approxmately 3 ft m depth. Other rcflectors on 
the profde can be traced to near-surface origins 

LINE 5N (Figures 11 and 24) 

There are several interestlng reflectors on the GPR profile The hyperbolic reflector at stauon 23 
at a depth of approximately 2 ft exhibits symmetry, and may be indcative of a cyhndncal object 
The soil dsturbances evident between stations 45 and 60 at approximately 2.5 ft in depth are 
most llkely related to trenching, compaction, and subsidence of material in the landfll. The 
slurry wall is Mficult to define on GPR record 5N, but may be located near station 40 at 
approximately 2 ft in depth 

LINE 5AN (Figures 12 and 25) 

The slurry wall is most Uely at Station 60 at approximately 2 ft in depth. Other reflectors on the 
GPR r e d ,  such as the thin hyperbolic reflector near station 35, can be traced to near-surface 
ongms 

LINE 6N (Figures 13 and 26) 

The GPR record exhibits a rutted, uneven surface caused by recent landfill operations A subtle 
hyperbolic reflector near station 18, at approxrmately 2 ft m depth, may be the subsurface 
expression of the slurry wall, however, it also may be an isolated landfill reflector (1 e., concrete 
block, small pipe, wood, etc ). 
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LINE 7N (Figures 14 and 27) 

GPR record 7N extubits simllat character to Lme 6N. The slurry wall may be at stahon 20 at 
approximately 3 fi in depth. 

LINE 8N (Figures 15 and 28) 

GPR record 8N exhibits a disturbed near-surface due to rccent landfill operaaons The slurry 
wall may be near stanon 20 at an apprommate depth of 2 5 to 3 ft 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

The Operating Landfill GPR survey was successful in deheating the slurry wall at many 
locations and providing nlevant information as to the locanon of the groundwater intercept 
drainage system and its associated dscharge valves The GPR data m&cate the sluny wall to be 
present on GPR profiles 2S, 3S, 4S, 2N, 3N and 5AN. GPR profiling of Lines 4N, 5N, 6N, 7N, 
and 8N was hrndered by landfill &sposal operanons dunng the GPR survey. Incnased near- 
surface moisture content may have also had an adverse effect on the data acquisinon on Lmes 
4N, 5N, 6N, 7N, and 8N. Therefore, intapretation of the slurry wall locanon on these GPR 
profiles was &fficult. 

Based on the success of the GPR method at the Operating Landfill, GPR may exhibit potenmil at 

the Rocky Flats Plant in both geotechnical and geologml applicanons. 

Gtotcchnical applications include. 

- Subsurface utllity location and assessment 

- Solar ponds fiench dram system locanon and assessment. 

Geologxal applications include 

- Shallow structural and strangraphic analysis on existing seismic lines 
I - Bolthole radar for cross-hole tomography 

Although the GPR signal pcnetranon was limited at the Operating Landfill because of the 
abundance of cultural debris and near-surface mo~turc, thm IS potennal to achieve lncrcased 
penetration of the GPR signal in non disturbed areas of the Rocky Hats Plant. 
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TABLE A-1 

DATA ACQUISITION PARAMETERS FOR THE GPR SURVEY 

Antenna 

Pnnt Recorder Parameters 

h t  Polanty 

Lmedinch 

Scans/Second 

Transmt Rate 

Amplifier Paramters. 

Gam 

Range 

Threshold 

Low Pass Fdter 

figh Pass Filter 

Signal Posinon -_ 
>- 
a 

80 MHz monostanc 

Plus and Minus 

100 to 200 

16 

50 kHz 

Automahc Gam Control (AGC) 

50 to 100 nanoseconds (ns) 

50 percent 

50 cycles/second 

10 cycles/second 

Automatic 
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Uninterpreted GPR Profiles 
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APPENDIX C 
Operating Landfill Extension Site Plan Blueprints 

SHEET 2 Plant Layout 

SHEET 3 Site Plan 

SHEET 4 Boring Logs 

SHEET 5 Borings Logs 

SHEET 6 Detail Sheet 


